The production of high quality natural Antioxidants from olive pruning wood extracts and their application to prevent the oxidation of vegetable oils were evaluated. The production of antioxidants from branches of olive pruning wood (OPW) using Soxhlet extraction and ethanol was optimized, evaluating the use of dry and fresh OPW, with extraction of an initial mass of 1 and 3 g and extraction times of 2, 4 and 8 h. For the evaluation of the antioxidant properties of the OPW extracts (OPWEs), the 2.2-diphenyl-1-picrylhydrazyl (DPPH) radical bleaching and ORAC-FL assays were performed. Additionally, the phenolic profile of the OPWEs was obtained by using HPLC-DAD, and the total phenolic composition was quantified by the Folin-Ciocalteu assay. The OPWE obtained from dry OPW using 1 g of initial mass showed the highest content of phenolic compounds and better antioxidant capacity compared to the OPWE obtained from fresh OPW. Both extracts showed the same profiles, but the OPWE obtained from dry OPW showed twice the concentrations of catechin (1.00 g 100 g -1 OPWE) and oleuropein (12.59 g 100 g -1 OPWE). Low concentrations of optimized OPWE showed activity against lipid oxidation of sunflower oil, measured by the peroxide value obtained by microwave and forced air oven heating. Under high temperature conditions and concentrations, the results suggest that OPWE may present the opposite effect.
Introduction
Biomass from olive tree pruning is the result of the operation applied to the trees after harvesting the fruit to keep their productive and reproductive functions balanced. In 2014, it was estimated that 29,600 tons of by-product from pruning olive trees was generated in Chile (Larrañaga and Osores, 2014) , and these by-products from olive trees are often treated as waste and disposed of on the agricultural land by incineration; however, this practice is linked with environmental problems.
Studies of the chemical composition of the different parts of olive trees report the presence of phenolic compounds, mainly oleuropein (OL) and hydroxytyrosol (HT), not only in the olives but also in the leaves and wood (Pérez-Bonilla et al., 2006; Luque de Castro and Japon-Lujan, 2006; Altiok et al., 2008; Pérez-Bonilla et al., 2011) .
The leaves have oleuropeosides such as OL and verbascoside, flavonoids such as luteolin, luteolin-7-glucoside, apigenin-7-glucoside, diosmetin-7-glucoside, diosmetin, routine, and catechin (C). Also present are simple phenolic compounds such as tyrosol, HT, vanillin, vanillic acid, and caffeic acid. Of all the compounds mentioned above, the most abundant has been shown to be OL (Pérez-Bonilla et al., 2006; Altiok et al., 2008) .
The chemical composition of olive wood has also been studied, but these studies focused only on robust tree parts (trunk). The compounds reported are HT, tyrosol, OL, cycloolivil, 7-deoxyloganic acid, and ligustroside. The most abundant compound is OL (Pérez-Bonilla et al., 2006; Pérez-Bonilla et al., 2011) .
The phenolic compounds present in olive leaf extracts are known to be strong antioxidants. Pharmacologically, they present anti-inflammatory activity, lowering of cholesterol (they help regulate total serum cholesterol), and antiviral, antiischemic, neuro-protective, and cardio-protective properties. The HT extracted from olive leaves was recognized in 2011 as a compound with high added value by the European Food Safety Authority (EFSA) (Pérez-Bonilla et al., 2006; Altiok et al., 2008; Peralbo-Molina and Luque de Castro, 2013; Rahmanian et al., 2015) .
In recent years, interest in obtaining antioxidants from natural sources has increased because of the need to replace currently used synthetic homologs. Many of the synthetic antioxidants have been associated with the development of degenerative diseases (Pérez-Bonilla et al., 2011; Rahmanian et al., 2015) . Some applications of olive leaf extract have been evaluated in beef to control its microbial load, and olive leaf extracts are also used for the enrichment of table olives and have been added to vegetable oils to inhibit their oxidation (Kiritsakis et al., 2010; Malheiro et al., 2013) .
The present work focuses on the evaluation of the production of a high-quality extract with natural antioxidants from branches from olive pruning (olive pruning wood: OPW) and the application of this extract to prevent oxidation of vegetable oils. For this purpose, different extraction conditions were tested, and the composition and antioxidant activity of the extracts were evaluated by measuring the total phenolic compounds, their phenolic profile by HPLC-DAD and the ORAC-FL assay, and the bleaching of the 2.2-diphenyl-1-picrylhydrazyl (DPPH) radical.
Materials and methods

Plant material
The by-products of pruning Arbequina variety olive trees (Olea Europaea L.) were collected in early June 2015 after harvesting of the fruits from the olive tree farm. These by-products were brought to Arauco's cellulose plant in the Bio-Bio region (South Chile), UTM coordinates 5940650 N 726602 E DATUM WGS84 18.
The by-products of pruning olive were separated into leaves, branches and trunks. The branches had a diameter less than 5 cm. The branches, hereinafter olive pruning wood (OPW), were dry ground to a size smaller than 0.5 mm. A fraction of the sample was dried to a constant mass in a conventional oven at 40 ± 4 °C for 72 h.
Preparation of extracts
Solid-liquid extractions were performed continuously in a Soxhlet extractor in the dark with 200 mL of ethanol. The use of fresh and dried OPW in the extractions was evaluated, with initial masses of 1 g and 3 g of OPW and extraction times of 2, 4, and 8 h. To determine the yield of each extraction, the extracts were concentrated to dryness. The extraction yields were expressed as dry mass percentage of extract in 100 g of OPW.
Total phenolic (TP) (Singleton et al., 1999) . The process was controlled by the Gen5 software. The phenolic content was expressed as mg equivalent of gallic acid per 100 g of OPWE.
DPPH radical bleaching
The ability of phenolic compounds to scavenge DPPH radicals was determined according to the method of Bendary et al. (2013) . Five aliquots of each OPWE (from 20 µL to 60 µL) were added to a 1.0 mM DPPH ethanolic solution. The reaction mixture was shaken vigorously and kept in the dark for 15 min. The absorbance, registering the decrease of the DPPH concentration, was measured at 517 nm against a blank solution. The results were expressed as the IC 50 kinetic parameter (concentration of antioxidant necessary to decrease the initial DPPH radical concentration to 50% Fluorescence was read from the top, with an excitation wavelength of 485/20 nm and an emission filter of 528/20 nm. The plate reader was controlled by Gen5® software. The oxygen radical absorbance capacity was determined as described by Folch-Cano et al. (2010) .
The reaction was carried out in 75 mM sodium phosphate buffer (pH 7.4), and the final reaction mixture was 200 μL of FL (150 μL; 40 nM, final concentration) and OPWE (25 μL) solutions, which were placed in the wells of the microplate. The mixture was pre-incubated for 15 min at 37 °C before rapidly adding the AAPH solution (2,2′-azobis(2-methylpropionamidine) dihydrochloride), 25 μL, to an 18 mM final concentration using a multichannel pipette. The microplate was immediately placed in the reader and automatically shaken prior to each reading.
The fluorescence was recorded every minute for 90 min. A blank with FL and AAPH using sodium phosphate buffer instead of the antioxidant solution and five calibration solutions using Trolox as an antioxidant were also used in each assay. The inhibition capacity was expressed as Trolox equivalents (n TX ), and the inhibition capacity was quantified by integration of the area under the curve (AUC). All reaction mixtures were prepared in triplicate, and at least three independent assays were performed for each sample.
The area under the fluorescence decay curve (AUC) was calculated by integrating the decay of the fluorescence, where F 0 is the initial fluorescence read at 0 min and F is the fluorescence read at a specified time. The net AUC corresponding to the sample was calculated by subtracting the AUC corresponding to the blank. Data processing was performed using MATLAB software.
Characterization of antioxidants
Selected OPWEs were characterized using a PerkinElmer Flexar HPLC equipped with a UV-vis detector with a diode array. A Chromolith RP 18 (100 x 4.6 mm) high resolution column (Merck) was used. Chromatograms were obtained at 230, 280 and 340 nm, using the Chromera® software. The injection flow was 1 mL min -1
. The mobile phases for chromatographic analysis were A: acetonitrile and B: 5% aqueous orthophosphoric acid. A linear gradient was run from 2 to 12% A for 15 min. The gradient changed to 17% A in 25 min, to 58% A in 45 min, and finally to 70% A in 50 min.
OL, HT and C in OPWE were identified by comparing their retention times with those of the corresponding standards. OL and C in OPWE were quantified by means of calibration solutions.
Lipid oxidation
Lipid oxidation was evaluated by two methods. In the first study, to simulate conventional times used in microwave home cooking, 10 mL of sunflower oil was mixed with 10, 50 and 100 µL of the selected OPWE. The mixtures were placed in a microwave oven on high (1200 W) and heated for 1, 3, 5, 10, and 15 min (Malheiro et al., 2013) .
The peroxide value (PV) of the oil was evaluated according to AOAC (1997) .
In the second study, 10 mL of sunflower oil was mixed with 10 and 100 µL of the selected OPWE (Taghvaei et al., 2014) . PV was evaluated according to AOAC 1997, and the mixture was then heated for 2, 4, 8, 16, 24 , and 72 h in a forced air oven at a temperature of 55 °C.
Statistical analysis
The data were analyzed with infoStat statistical software. All assays were performed in triplicate. The results were expressed as the mean ± standard deviation.
The extraction yields obtained using 1 and 3 g of initial mass and fresh and dry OPW were analyzed using ANOVA. Tukey's HSD test was performed by comparing means for each extraction time.
The TP content (m EAG ) of OPWE was analyzed using ANOVA and Tukey's HSD test, executed by comparing all means obtained (regardless of whether OPWE was obtained from dry or fresh OPW or the extraction time). The results of antioxidant activity against DPPH free radicals (IC 50 ) and the ORAC-FL index (n TX ) of OPWE were analyzed in the same way as the TP content.
Normalized PVs obtained in the first and second studies of lipid oxidation were analyzed using ANOVA and Tukey's HSD test, performed by comparing means for each extraction time.
Tukey's HSD test considered statistically significant at p˂0.05.
Results and discussion
The by-products of olive pruning wood represented 39% (w/w) of OPW. Figure 1 shows the extraction yields obtained for fresh and dry OPW (with humidities of 14.82 and 1.23%, respectively), with different initial mass (1 and 3 g) and different extraction times (2, 4 and 8 h). Through one-way ANOVA of the use of fresh or dry OPW, the results showed that the use of fresh or dry OPW did not affect the extraction significantly with average yields of 7.81 ± 3.01% and 8.68 ± 2.77%, respectively. The extraction time of 8 h showed the significantly highest average yield (11.39 ± 1.72%). Perez-Bonilla et al. (2006) worked with olive wood trunk and aqueous ethanol as the solvent to extract phenolic compounds. The highest extraction yield obtained by them was 14.5%, close to the maximum extraction yield achieved in the present study with an initial OPW of 1 g and an extraction time of 8 h.
Based on these results, the initial OPW extraction mass of 1 g was selected to continue the study and to evaluate the influence of extraction time and of the use of fresh or dry OPW on obtaining an OPWE with the highest TP and best antioxidant activity.
The OPWEs obtained from dry OPW with an extraction time of 2 and 4 h showed TP significantly higher than all OPWEs obtained from fresh OPW (Table 1 ). In OPWEs from fresh OPW, we found an increase of the TP value with respect to extraction time. The opposite effect was observed with the OPWEs obtained from dry OPW, with a significant decrease of TP after an extraction time of 4 h. This result may be attributed to the degradation of phenolic compounds after prolonged exposure to heat (during drying and extraction times of 2, 4 and 8 h). (p=0.05), with average yields of 10.24 ± 2.72% and 8.79 ± 2.96%, respectively.
Through the same analysis, the use of an initial mass of 1 g (10.14 ± 2.27%) or 3 g (8.66 ± 3.40%) did not influence the extraction yield significantly, suggesting that the solvent reaches the maximum extraction capacity with 1 g of OPW under these conditions. Extraction time positively influences the extraction yields in all the tested samples. Extraction times of 2 and 4 h showed no significant differences, Results were expressed as dry mass averages of three replicates ± standard deviation. Different letters in a column show means with significant differences (Tukey´s HSD, p=0.05).
The maximum theoretical yield of the TP content determined by the Folin-Ciocalteu assay was 250.2 mg EAG 100 g -1 dry weight of olive leaf extract (Hayes et al., 2011; Rahmanian et al., 2015) , a value that is very close to the maximum obtained in the present study for OPWE.
In another study, Xie et al. (2015) obtained olive leaf extracts using aqueous ethanol as the solvent with ultrasound and temperature in the extraction process. The TP value obtained by the Folin-Ciocalteu assay of this extract was 24520 mg EAG 100 g -1 .
The previous reports correspond to olive leaf extracts, and the OPWE corresponds to another tree part that possibly has a different phenolic composition with different properties, not related to the amount of phenolics. In addition, several studies have shown that TP is strongly influenced by environmental conditions (Kiritsakis et al., 2010; Bilgin and Şahin, 2013; Rahmanian et al., 2015) .
All the OPWEs showed antioxidant activity ( Table  1) . The OPWE obtained from dry OPW showed a trend toward better antioxidant activity against the DPPH radical than the OPWE obtained from fresh OPW, in agreement with results obtained by the TP assay. Extraction time did not significantly affect the antioxidant activity of the OPWEs measured by this assay. Hayes et al. (2011) determined the antioxidant activity of olive leaf extracts through DPPH radical quenching, finding an IC 50 value of 28.6 µg mL -1 . In other research, Bouaziz et al. (2008) obtained an IC 50 value of 1.5 µg mL -1 for olive leaf extracts by the same assay. In both studies, the olive leaf extracts showed lower values of IC 50 , i.e., higher antioxidant activity, than the best OPWE obtained from dry OPW (93.3 μg mL -1 ). The differences in the antioxidant activity by DPPH radical quenching are probably due to the different extraction methods used and the origins in the olive tree (Kiritsakis et al., 2010; Bilgin and Şahin, 2013; Rahmanian et al., 2015; Xie et al., 2015) .
The antioxidant capacity of all samples was obtained, and the antioxidant capacities are in agreement with the results shown by the TP assay. The ORAC values of fresh OPWE were significantly lower than the values obtained from dry OPW (Table 1 ). The extraction time did not significantly affect the antioxidant capacity of OPWE. The OPWE of dry OPW with a 4 h extraction time showed an ORAC-FL index significantly higher than all the other OPWEs.
No correlations between the antioxidant activity, evaluated through bleaching the DPPH stable radical, and the ORAC-FL index of the OPWE were found. Hayes et al. (2011) determined the ORAC index for olive leaf extract, obtaining 17.43 g Tx 100 g -1 dry leaf. This value is considerably lower than the value reported in the present study (Table 1 ).
According to the results shown, extracts with significantly improved antioxidant capacity were obtained from dry OPW with an extraction time of 4 h (40274.73 ± 4253.16 mol Tx 100 g -1 of OPWE).
Three samples were selected for the HPLC assay: OPWE obtained from dry and fresh OPW, both with an extraction time of 4 h, and OPWE obtained from dry OPW with an extraction time of 2 h.
The profiles recorded for all the OPWEs tested by HPLC have a very similar pattern. The standards showed a retention time of 15.29 min for C and 30.49 min for OL.
Based on the retention times of the standards, all samples of OPWE measured by HPLC were determined to have C and OL. The absence of HT in the OPWE may be because that compound is more polar than OL and C. The extraction process used was more efficient for the extraction of less polar phenolic compounds.
The OPWE obtained from dry OPW with an extraction time of 4 h presented 1.00 g of C and 12.59 g of OL in 100 g of OPWE, while fresh OPWE registered 0.48 g of C and 6.35 g of OL in 100 g of OPWE. Thus, the OPWE obtained from dry OPW presented 2 times more OL and C than the fresh extract.
The results of TP, antioxidant activity, and ORAC index are consistent with the results obtained in the characterization of the OPWE obtained from dry OPW with an extraction time of 4 h and the OPWE obtained from fresh OPW with an extraction time of 4 h. Thus, the OPWE obtained from dry OPW with an extraction time of 4 h presented significantly higher TP, a significantly higher ORAC value, a lower IC 50 , and significantly higher concentrations of C and OL with respect to the OPWE obtained from fresh OPWE with the same extraction time.
The OPWE obtained from dry OPW with 2 h of extraction time was concentrated four times more than the dry OPWE obtained from dry OPW with 4 h of extraction time and presented 3.90 g of C and 49.45 g of OL in 100 g of OPWE.
These results showed that the concentrated OPWE presented 3.9 times more OL and C than the unconcentrated extract with the same initial concentration of these compounds, in agreement with the trend shown by the TP value.
The antioxidant effect of the olive leaf extracts may be due to their hydrogen donor ability to form stable free radicals, preventing oxidation and further propagation (Xie et al., 2015) . In addition, mixtures of different phenolic compounds in olive leaf extracts have higher antioxidant activity than the individual compounds because of the synergy that occurs between them (Ramos et al., 2013) . Similar phenomena may be occurring in the OPWE obtained.
For the lipid oxidation assay, two samples were selected: OPWE obtained from dry OPW and from fresh OPW, both with extraction times of 4 h. The first OPWE was considered the best due to the significantly higher phenolic content and better antioxidant activity measured by the different assays. To show variations more clearly, the results of the peroxide were normalized. Normalization was done by dividing the PV in time by the initial value achieved by each series.
The PVs obtained during the 15 min of microwave heating are presented in Figure 2 . In the first minutes of microwave heating (3 min), there was a slight decrease in lipid oxidation of the oils with OPWE addition, but PV did not present significant differences. After 3 min of heating, the results showed a strong increase (5 min) of PV in all samples, including the control, reaching values significantly higher than at all other times. At 10 min of heating, the results showed a strong decrease in the PV of all samples, without significant differences between oils with and without addition of OPWE. At 15 min of heating, the oils with addition of 100 µL of OPWE from dry or fresh OPW reached PVs significantly higher than the controls and the oils with 10 and 50 µL of OPWE addition. Malheiro et al. (2011) described the oxidation of oils by the change in the PV, and they reported that this index reaches a maximum due to the initial formation of hydroperoxides and then decreases due to volatilization of these compounds at the same time as when the secondary products (aldehydes and ketones) increase. This information agrees with the behavior described for oils evaluated in the present study.
Additionally, Cerretani et al. (2009) compared the effect of microwave heating for 15 min, for various types of olive oils, at medium power (720 W). They quantified the phenolic compounds by HPLC, finding a 40% loss of phenolic compounds at 6 minutes, and at 15 min, they reported a total decrease of the phenolic compounds, showing the temperature effect on the main phenolic compounds found in olive oil, which are probably the same as those contained in the OPWE. Based on this background, we propose that the phenolic compounds present in the OPWE are sensitive to temperature, losing part of their effectiveness after 3 min of microwave heating. Furthermore, when a 100-µL aliquot of OPWE was added to the oils, there was an increase of PV at longer heating times (after 5 min).
In a second study (Figure 3) , we evaluated the effect of OPWE concentration for longer heating times at 55 °C. Initially, the results showed a slight increase of lipid oxidation due to the larger amounts of OPWE added, followed by a decrease of PVs from 8 until 16 h for both concentrations, a time in which the oils with OPWE addition presented PVs significantly lower than the controls. Then, there was an increase of PV until 24 h, which remained constant for the oil with 10 µL of OPWE added. The oil with the higher amount of OPWE added (100 µL) showed a linear increase of PV and reached a value significantly higher than oils with 10 µL of OPWE and controls. We believe that this effect is related to the higher content of phenolic compounds that can generate more secondary compounds with a pro-oxidant effect due to the longer heating time of the oils, in agreement with Malheiro et al. (2011) .
The main conclusions are as follows. OPWE obtained from 1 g of dry OPW using ethanol and an extraction time of 4 h yields higher TP content, antioxidant activity and antioxidant ability. The extract also has twice as much OL and C than the OPWE obtained from fresh OPW in the same extraction time. The OPWE showed activity against lipid oxidation of sunflower oil in short periods of microwave heating. Under forced oxidation conditions and longer heating times, high OPWE concentrations may have the opposite effect.
